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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to active inrush current 
circuits and, more particularly, to active inrush current 
5 circuits in power factor correction control circuitry. 

2. Prior Art 

Power supplies connected to an AC line voltage supply, 
are often subjected to short-duration, high amplitude, 
input current (known as inrush current) . The inrush 

10 current may be many times the steady state current until 
the power supply reaches equilibrium, i.e., the transient 
effect continues until the voltage across the internal 
power supply capacitance reaches a voltage approximately 
equal to the peak amplitude of the AC line voltage 

15 supply. If uncontrolled, the inrush current can result in 
internal power supply capacitance absorbing energy beyond 
its rated value as well as subjecting power supply 
components to damaging current levels. 

20 One approach to controlling inrush current uses a relay 
as the current control device. Figure 1 shows one 
implementation of inrush current control using a relay. 
At first application of the AC mains voltage, the current 
to charge the output capacitor Cout is limited through 

25 the resistor, RLIM. The AC line is rectified by diode 
bridge DB1. The decision to close the relay originates in 
inrush control block K2 . The control function could be 
that the voltage impressed on Cout has stopped rising. 
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the inrush control block K2 cold also monitor the peak 
value of the input voltage and compare that to the output 
voltage on Cout and close the relay when the difference 
is within a predetermined range. When this occurs, inrush 
5 current has decayed to normal operating levels and the 
relay Kl can be closed by a control signal from the UPFC 
IC with minimal or no surge current through the relay Kl . 
At this point, down stream converters, whether PFC Boost 
converters or just load DC/DC Converters can be enabled. 

10 In the case of the PFC, the control circuit will limit 
the input current used to charge a bulk capacitor above 
the input voltage to the regulation point. Although not 
shown here, many times a second comparator is used to 
detect that the output voltage is charged to a 

15 predetermined minimum level, i.e. the peak AC input at 
low line; this signal may be logically combined with the 
inrush control block K2 to control the relay Kl turn-on. 
However, it is readily apparent that during shutdown, or 
line dropouts the relay will not open until the output 

20 voltage is lower than the input voltage or the absolute 
value of the output voltage is below a preset minimum. In 
addition, it is often desired that the circuit detect 
cycle drops and maintain operation. However, if the 
applied AC is at high-line, a cycle drop-out could lead 

25 to high surge currents, especially if the Boost power 
supply is still running. The only current limiting 
functions would be the series resistance of the circuit 
through the output capacitor Cout. For example, if with 
a bulk voltage Vbulk of 150VDC, a peak line voltage of 

30 350VAC, and a series resistance of 1 ohm, the surge 
current could easily reach hundreds of amperes destroying 
many of the power supply components. It is also readily 
appreciated that many relays have pull-in/drop-out times 




3 

measured in milli-seconds . This slow reaction time can 
cause the same problems as discussed above. 

Another method for controlling inrush current is to use a 
5 series connected negative temperature coefficient (NTC) 
resistive device. The NTC will limit inrush at start-up, 
but once it f s hot, the resistance is low until the device 
has had time to cool. Thus, in situations where power 
cycles on and off before the device has had time to cool, 
10 there will be minimal, if any, inrush current protection. 

Another circuit for controlling inrush current may use a 
silicon controlled rectifier (SCR) . Referring to Fig. 2, 
a circuit schematic implementing an SCR based inrush 

15 current control scheme is shown. This circuit uses an 
SCR bridge XI, X2 with separate diodes and resistors for 
the inrush path. Inrush is sensed as in the circuit of 
Figure 1 and the gates of the SCRs XI, X2 are modulated on 
or off by the inrush control block 20. It is readily 

20 appreciated that the SCRs can transition from full on to 
full off and back again in microseconds, as opposed to 
the slower milliseconds response of the relay approach to 
controlling inrush current . The disadvantage, however, 
is that two otherwise low forward drop diodes are 

25 replaced with two high forward voltage drop SCRs. These 
components are in the path of the input current, which is 
the highest average current path in the boost converter, 
resulting in an adverse effect on efficiency. In 
addition, drive for the SCRs are another disadvantage. 

30 The most conventional approach drives the SCRs with a 
current source equivalent. The gate loss in this case 
can be high. Moreover, the benefit to placing the SCR in 
the input current path is that the current is essentially 



continuous and drive is only needed around the zero 
crossing. This will be true for all conditions that keep 
the minimum holding current of the SCR flowing. But, the 
holding capability of the SCR can cause delay in the 
5 turn-off response time of the circuit. 

Power metal oxide silicon field effect transistor 
(MOSFET) are also often used as current control switches. 
However, power MOSFETs have many undesirable features 

10 such as conduction characteristics that are strongly 
dependent on temperature and voltage ratings. Moreover, 
MOSFETs are largely insensitive to MOSFET gate voltages, 
and for large values of drain current, the drain to 
source voltage is primarily a linear function of the 

15 drain current. This resistive effect limits the 
usefulness of MOSFETs to low current applications. 



SUMMARY OF THE INVENTION 

In accordance with one embodiment of the invention a 
20 power supply circuit is provided. The power supply 
circuit comprises an active power factor correction 
circuit having a controller. The controller output 
controls both the power factor correction and the inrush 
current control circuit. The inrush control circuit 
25 comprising at least one insulated gate bipolar transistor 
(IGBT) connectable to the controller. 

In accordance with another embodiment the invention 
includes a method for controlling inrush current in a 
power factor correction control circuit. The method 
30 comprises the steps of passively controlling inrush 
current with a passive device and generating a power 
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factor control signal. The method continues with the 
steps of implementing the power factor control signal to 
actively control inrush current, wherein actively 
controlling inrush current shunts output current around 
5 the passive device and through an active device. 

Another embodiment of the invention is directed towards 
an active current inrush limiting circuit for controlling 
surge current in a power factor correction control 
system. The circuit comprises a passive current limiting 
10 device and a controller. The controller is adapted to 
controlling a power factor correction control circuit and 
an active current limiting device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects and other features of the present 
15 invention are explained in the following description, 
taken in connection with the accompanying drawings, 
wherein: 

Figure 1 is a schematic diagram of a power supply circuit 
using relay based inrush current control; 

20 Figure 2 is a schematic diagram of a power supply circuit 
using SCR based inrush control; 

Figure 3 is a block diagram of an inrush current control 
circuit incorporating features of the present inventions- 
Figure 4A is a schematic diagram of one implementation of 
25 the invention shown in Fig. 3; 

Figure 4B is a schematic diagram of another 
implementation of the invention shown in Fig. 3; 



Figure 5 is a detailed circuit schematic a high power 
factor pre-regulator including inrush control features of 
the present inventions- 
Figures 6A-6G represent waveforms of certain points shown 
5 in Fig. 5; and 

Figure 7 is a method flowchart showing the steps for 
controlling inrush current in the circuit shown in Fig. 
4. 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Although the present invention will be described with 
reference to the embodiments shown in the drawings, it 
should be understood that the present invention can be 
15 embodied in many alternate forms of embodiments. 

Referring now to Figure 3 there is shown a simplified 
block diagram of a power factor control circuit with 
inrush current control 85. During startup current is 
20 applied to the parallel resistance of passive resistive 
device 83 in parallel with the active resistive device 
82. The active resistive device 82 is not yet turned on 
due to the delayed on signal from power factor controller 
81 through delay 88. Thus, the active resistive device 82 
presents a very high resistance in comparison to the 
passive resistive device 83 such that current flow is 
substantially through the passive resistive device 83 for 
the period of delay determined by delay block 88. Note 
that delay may be a dedicated delay circuit or, 
alternatively, may be inherent delay caused by circuit 
component 81. After the predetermined delay, an on signal 
turns on the power factor corrector 84 and the active 
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resistive device 82; which in turn allows current to flow 
through the active resistive device 82. The effective 
resistance of the parallel combination of the passive 
resistive device 83 and the active resistive device is 
5 determined by the effective resistance of the active 
resistive device 82 in the on state in parallel with 
passive resistive device. Advantageously, the resistance 
of the active resistive device 82 in the on state is very 
low with respect to the resistance of the passive 
10 resistive device 83. 

Referring now to Fig. 4A there is shown an inrush current 
control circuit incorporating features of the present 
invention. This circuit uses a current sense resistor 
Rsns used for PFC current shaping circuits. The 

15 comparator 31, with hysteresis, controls a drive system 
32 for an active device, an insulated gate bipolar 
transistor (IGBT), Zl connected in series with the boost 
inductor LI. When an over current condition is reached 
the IGBT Zl is turned off, and, when the current drops 

20 below the hysteresis point, the IGBT turns back on. It 
can be readily appreciated that the hysteresis level is 
set above the maximum steady state current. The drive 
signal for the IGBT gate is at a higher voltage potential 
than the IGBT emitter. This can be achieved either with a 

25 transformer-coupled drive or a charge pump design as 
shown in Fig. 4B by diodes dl,d2 and capacitor Cchg. This 
approach allows the IGBT to be fully on during normal 
mode operation and still be able to turn it off during 
faults . 

30 

Referring now to Fig. 5 there is shown a detailed IGBT 
based inrush current control circuit implementing 
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features of the current invention in a power factor 
control circuit. For example purposes the power factor 
correction controller IC is represented as the UNITRODE™ 
UC3854 and is shown in Fig. 5 as UPFC 46. It will be 
readily appreciated that many other UPFC controllers have 
the same or similar functions of the UC3584 and would be 
suitable for implementation of the present invention. 
Referring to Fig. 5, the IC UPFC 4 6 contains control 
functions required to achieve high power factor within 
Boost AC/DC converters. Additionally, the IC UPFC 4 6 
also incorporates protection functions for power limiting 
and most important to inrush control, peak current 
limiting. The IGBT Zl, controlled by the IC UPFC 46, is 
placed in the path of least average current, the output 
path, allowing the dissipation to be minimized. The IGBT 
gate voltage potential is raised by the DRIVE output of 
the UPFC IC driving the charge pump circuit comprising 
D3,D4, and Cchg. During normal operation, the IGBT Zl is 
driven full on and bypasses the PTC limiting resistor. A 
PTC is chosen for its failsafe ability during extreme 
overload and short circuit conditions. In addition, a 
small amount of current is continuously passed through 
the PTC maintaining the PTC in a warm state. Thus, in the 
event of excessive cycle drops or short circuit 
conditions where the IGBT Zl is turned off, the PTC is 
able to reach its maximum resistance in a shorter time 
than it would if the PTC was starting from a cold state. 

Referring now to Figure 5 and Figure 7, when AC Mains 
are first applied 61, the Bulk Capacitor, Cout is 
discharged. The PFC Control IC UPFC 46 is off and no 
switching by IGBT Zl occurs. Input current flows through 
the bridge 42, the boost inductor L43, and the PTC 



resistor Rptc. As current flows through the PTC Rptc, 
the output voltage charges Cout and current charges the 
VCC capacitor CVcc to an Under Voltage Lockout point on 
the PFC control IC UPFC 4 6, allowing IC UPFC 4 6 to 
function. The input current is continuously monitored 67 
and compared to a predetermined 66 peak current level. 
The comparison determines the switching action of IC UPFC 
46. This switching action constitutes the on-off drive 
for the active inrush device 65. If an inrush condition 
exists and the IGBT zi device has not been enabled 69 the 
inrush current will be controlled 7 0 by shunting current 
through the passive PTC device Rptc. If the instantaneous 
input current exceeds a predetermined value, the sensed 
current in Rsns will cause the PFC control IC UPFC 46 to 
reach current limit. This removes the drive at pin 16 of 
PFC control IC UPFC 4 6 which in turn removes the drive to 
the charge pump circuit d3,d4, and Cchg, allowing the 
gate of the IGBT Zl to discharge and begin to turn-off. 
When the IGBT Zl begins to turn-off, the current in the 
sense resistor starts to drop and IC UPFC 46 will come 
out of current limit. It is important to note that the 
IGBT Zl current does not necessarily fall to zero for the 
current to be low enough for the IC UPFC 4 6 to come out 
of current limit. The IGBT zl will operate essentially in 
the linear region during start up. The IGBT Zl collector 
current will be modulated around the input current limit 
point. Delays in the response of the current limit 
circuit and the discharge of IGBT Gate Capacitance force 
the IGBT to operate in a linear mode. The current limit 
point can be set for any current level between the 
maximum input current under normal operation and a 
predetermined inrush specification level. During start up 
the IC UPFC is delayed 62 due to inherent start-up delay 
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will keep the IGBT out of the circuit until most of the 
inrush is completed. After the delay the IC UPFC 
generates 63 the PFC signal which is also used to 
activate 64 the IGBT Zl device. The IGBT will then turn- 
on and provide a low impedance path to the output 
shunting 65 substantially most, but not necessarily all, 
of the current around the passive PTC resistor Rptc. If 
the power is cycled, the IGBT Zl will quickly respond to 
an over current condition. 



The present invention advantageously exploits the delay 
circuitry of a power factor control circuit before 
substantially simultaneously turning on power factor 
correction and an active resistive device such as the 
IGBT; thus permitting substantial charging of the output 
capacitor Cout before the IGBT is turned on. It is also 
an advantage of the present invention that using the 
control signal from the power factor control circuit to 
actuate both the active device and the power factor 
control circuit minimizes circuit components ordinarily 
necessary to drive the IGBT gate. In addition, the 
present invention overcomes the problems of slow relay 
response times described in the prior art.; and the 
problem of the high forward voltage drop associated with 
SCR based inrush current control. 

It should be understood that the foregoing description is 
only illustrative of the invention. Various alternatives 
and modifications can be devised by those skilled in the 
art without departing from the invention. Accordingly, 
the present invention is intended to embrace all such 
alternatives, modifications and variances which fall 
within the scope of the appended claims. 



